The absorption and luminescence characteristics of a group of newly synthesized methyl esters of 2-alkyl (p-substituted-aryl) -aminomethylene-3,4-dihydro-l(2 H)-naphthalenone-4-carboxylic acids have been investigated. The studied compounds may exist in three tautomeric forms. On the basis of comparison of their electronic spectra to those of similar substances, the observed substituent effect on the position of the UV-VIS absorption bands, the IR spectra and the results of PPP-SCF-CI quantum-chemical calculations it is concluded that the keto tautomer predominates in solution.
Introduction
Enaminones have been intensively studied with respect to their keto-enol tautomerism and E/Z isomerism [1, 2] , as well as their use in the synthesis of various compounds via reactions with electrophiles, nucleophiles, etc. [3] , The aim of the present paper is to determine the predominating tautomeric form in solution and the main chromophore of a group of newly synthesized enaminones, namely methyl esters of 2-alkyl (p-substituted-aryl) -aminomethylene-3,4-dihydro-l (2 H)-naphthalenone-4-carboxylic acids (further referred to as dihydronaphthalenones), shown in Figure 1 . For this purpose, their absorption and luminescence characteristics have been studied. Conclusions are made on the basis of comparison of their electronic spectra to those of similar substances, the observed substituent effect on the position of the UV-VIS absorption bands, the IR spectra and the results of the PPP-SCF-CI quantum-chemical calculations.
Results and Discussion
The UV-VIS spectra of the studied compounds in hexane consist of an intensive band in the 24000-27 000 cm -1 region and two bands of lower intensity at shorter wavelengths (see Figure 2) . The solvent polarity has an insignificant influence on the position of Reprint requests to Dr. Sn. Bakalova. the absorption bands; upon change of the solvent from hexane to ethanol the longest wavelength maximum suffers a small bathochromic shift of about 500 cm" 1 (see Table 1 ). The substituents at position 3 (compare compounds 2 and 3), as well as these at positions 6 and 7 (compare compounds 4 and 5) have no effect on the energy of the longest wavelength band, while the R t substituent at the nitrogen has a definite influence on it. Change of Rj from alkyl to phenyl leads to a red shift of the maximum of about 2000 cm" l . A linear dependence is observed between the energy of the absorption maxima of compounds 4, 6-9 and the c-Hammett constants of the substituent in the aryl group for the whole a-region, i.e. the absorption maxima monotonously move to the red upon increase of a, an electron-withdrawing group in para-position of the phenyl substituent leads to a hypochromic shift of the longest wavelength band relative to compound 4, while an electron donating one has the opposite effect. The observed influence of R x on the energy of the lowest absorption transition of the studied substances suggests that the main chromophore of these systems includes the substituent in the enaminone fragment, but not the substituents at positions 3, 6 and 7.
All investigated compounds fluorescence in solution at room temperature; the maxima are in the region 16000 -21 000 cm -1 . The bands are broad and structureless. The Stokes shift is of the order of 5000-6000 cm -1 . Increase of the solvent polarity results in a red displacement of the emission maxima, the effect 0932-0784 / 97 / 0500-467 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen being more pronounced in the case when the substituent in the enaminone fragment Rj is an aryl group; e.g. passing from hexane to ethanol, the shift is only 50 cm -1 for compound 1, while in the case of 4 it is 2000 cm -1 . The substituent effect on the position of the fluorescence maxima resembles that describe above for the absorption ones. The fluorescence quantum yield Q F in ethanol does not exceed 10" 2 (see Table 1 ), the emission intensity in hexane in most cases is even lower, Q ¥ being less than 10" 3 . 
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There is practically no difference in the electronic spectra of the eis and trans isomers of the studied dihydronaphthalenones.
The fixing of the studied compounds by freezing of ethanol solutions at 77 K leads to the well known [4] "blue shift" of the fluorescence Franck-Condon transitions of about 1500 cm -1 relative to that at 293 K, and to a considerable enhancement of the fluorescence intensity (more than two orders of magnitude), showing that high-amplitude intramolecular motions probably contribute to the deactivation of the excited states at room temperature. However, the increase of the fluorescence intensity in frozen solution is comparable for the N-alkyl and N-aryl derivatives, indicating that the rotation of the substituent at the nitrogen is not responsible for the poor fluorescence ability of the investigated compounds at 293 K.
In solution, the studied dihydronaphthalenones may exist in the three tautomeric forms (A, B and C) shown in Figure 3 .
As mentioned above, the substituents at positions 3, 6 and 7 have practically no influence on the energy of the absorption transitions, i.e. neither phenyl ring 1 nor phenyl ring 2 participates in the conjugated system. This observation suggests that the enol form B is not present in solution, as it involves a conjugation between the substituent in the enaminone fragment and phenyl ring 1. On the other hand, the electronic spectra of the model compound 11 (see Table 1 ), which represents the fixed tautomeric form C, are quite different in position from those of the studied substances. Consequently, on the basis of the electronic absorption spectra it may be concluded that the tautomeric form A predominates in solution. This assumption is in agreement with the evidence collected during recent years by means of NMR and UV spectroscopy showing that the ground state of enaminone is best characterized by the keto tautomeric form [1, 2] . The 'H-NMR study and the X-ray crystallographic data on the investigated compounds [5] also support this conclusion. Table 2 shows the results of the performed quantum chemical calculations for compounds 1 and 4, carried out in ^-electronic approximation by the PPP-SCF-CI method [6] with a standard parameterization [7] . It can be seen that the computed energies of the pp* electronic transitions for both tautomeric forms A and B are in good agreement with the experimental values (the difference between the calculated and experimentally observed ones in hexane is within the accuracy of the PPP method, 0.2-0.3 eV); the calculated transition energies for C do not reproduce the absorption spectra of compounds 1 and 4, but are in good agreement with that of the model compound 11. These results support the conclusion drawn above that tautomeric form C is not present in solution, but do not allow to distinguish which of the other tautomers predominates.
The IR spectra in dilute chloroform solutions exhibit a band at 3410 cm -1 , characteristic of the free NH-group, as well as a band around 3200 cm" 1 , characteristic of an associated NH-group. The characteristic of the carbonyl group absorption at 1640 cm -1 is also observed. These results show that in solution both the intramolecularly hydrogen-bonded and the nonhelated species are present. Similar results, based on IR spectral data, have been reported in the literature for 2-aminomethylene-and 2-phenylaminomethylene-cyclohexanone [1] , which is similar in structure to the compounds investigated in the present paper.
According to the PPP-SCF-CI calculations (see Table 2 ), the above species have very close electronic transition energies which may explain why we do not Table 2 . Theoretical (PPP-SCF-CI) and experimental nn* transition energies of the possible tautomers of compounds 1 and 4 in cm" 1 . observe different maxima for the two forms in the UV-VIS region. On the other hand, the theoretical computations show (see Fig. 4 ) that upon excitation the electron density on the carbonyl oxygen substantially increases, while that on the nitrogen decreases; at the same time the C = 0 bond order also diminishes. The above data suggest that the hydrogen bond becomes stronger in the first excited singlet state.
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Experimental
The absorption spectra are taken on a Specord M-40 (Carl Zeiss, Jena). The fluorescence spectra are recorded on a Perkin Elmer MPF 44 fluorimeter. The fluorescence quantum yields QF are measured relative to 3-p-methoxyphenylmethylene-l(3H)-isobenzofuranone (Q F = 0.12 in ethanol [8] ). The low temperature luminescence measurements are performed at 77 K in the standard phosphorescence accessory to MPF 44 in quartz tubes of 4 mm diameter. The solvents used are of fluorescence grade. Compounds 1-4, 10 and 11 are described in [5] , while the methyl esters of eis-and frans-2-alkyl-or 2-(p-substituted anilino)methylene-3,4-dihydro-1 (2H)-naphthalenone-4-carboxylic acids 5-9 are synthesized for this investigation. Reaction of homophthalic anhydride with the corresponding N-(p-substituted)cinnamylidene anilines is carried out in dry benzene (20 min reflux), and the resulting acidic mixture is treated with ethereal solution of diazomethane. The diastereoisomers obtained are separated by two successive CC. Trans-isomers ar oily substances except for trans-6. Some data for compounds 5-9 are listed in Table 3 . The elemental analyses for all solid products are satisfactory. Mass spectra show in all cases a molecular ion peak with different relative intensity. The IR spectra exhibit characteristic bands at 1590-1610 cm" 1 (arom), 1640-1680 cm -1 (C = C-C = 0), 1720-1735 cm -1 (C = 0, ester) and 2800-3600 cm" 1 (NH). Some 'H-NMR spectral data are listed in Table 4 .
Conclusions
The analysis of the electronic and IR spectra, as well as the available 1 H-NMR data [5] indicate that the keto tautomeric form of the studied dihydronaph- 
